It has been shown previously ( 15) that photoperiodic induction in Xanthium is inhibited by application of the pyrimidine, 5-fluorouracil (5-FU). More recently (1) it has been demonstrated that the process which is inhibited by 5-FU and which is related to the process of flowering, is the synthesis of ribonucleic acid (RNA) 
It has been shown previously ( 15) that photoperiodic induction in Xanthium is inhibited by application of the pyrimidine, 5 -fluorouracil (5-FU). More recently (1) it has been demonstrated that the process which is inhibited by 5-FU and which is related to the process of flowering, is the synthesis of ribonucleic acid (RNA) in the Xanthium bud during the first part of the inductive dark period.
The experiments described in this paper were de- signed to determine if 5-FU also inhibits flowering in another short-day plant which also requires but one inductive long night, namely, Pharbitis nil, and if so,
by what mechanism 5-FU exerts such inhibition.
It will be shown that 5-FU completely inhibits flowering in Pharbitis by suppressing deoxyribonucleic acid (DNA) multiplication in the shoot apex.
Materials & Methods
Plants of Pharbitis nil Chois., strain Violet were grown in the Earhart Plant Research Laboratory (18) . Seedlings of this strain respond to one single dark period of 16 hours by the subsequent initiation of flower buds (8) . The original seeds were generously supplied by Prof. S. Imamura, Kyoto University, Kyoto, Japan.
Seeds were treated with concentrated sulfuric acid for 30 to 45 minutes and were then washed overnight with tap water. The seeds were next planted in a 50-50 volume mixture of vermiculite and crushed granite in darkness at 31 C. After approximately 30 hours the germinating seeds were transferred to a greenhouse with a day temperature (0800-1600 hr) of 35 C and a night temperature (1600-0800 hr) of 27 C in order to prevent etiolation. Two days after planting, the seedlings were transplanted, one seedling per container, to 6 ounce plastic beakers containing the same mixture as before. Care was taken that seed coats were removed from the cotyledons. The seedlings were then grown for another 2 days at 23 C part of the period in which this work was conducted, the author held a stipend from figure 3 . In this experiment 5-FU was applied either to the cotyledons or to the plumules at different times before and after the inductive dark The inhibitors, 5-FU and 5-FDU, then, which inhibit flowering only in the plumule, are fully effective even if applied many hours after the floral stimulus has arrived in the apex. From this it must be concluded that the process which is inhibited by these substances, is the actual induction of flower primordia. (3, 5) . Also, 5-FDU inhibition (12) is completely reversed by thymidine in a noncompetitive manner. These conclusions appear to apply equally well to Pharbitis. Applying either of the inhibitors apparently results in deficiency of thymidylic acid in the plumule. Adding this substance or thymidine overcomes the deficiency, but the base thymine does not. That the deoxynucleosides deoxyuridine and deoxycytidine are also effective in overcoming the inhibition in the concentrations used (table II) is probably due to competitive inhibition of the effect of 5-FU anc 5-FDU ( fig 5) . In this experiment 2 X 10-6
Amole 5-FDU per plant was applied via the plumule and different amounts of thymidine or of deoxyuridine were also applied to the plumule at the same time. Over the range of concentrations used thymi- fig 6) . At a night temperature of 23 C essentially no 5-FU was transported from the cotyledon during the dark period as indicated by the flowering response and by the lack of symptoms in the first leaves. Translocation took place rapidly during the following light period, so that removal of the 5-FU treated cotyledon after 24 hours left behind almost complete inhibition of flowering.
The results at a night temperature of 27 C were quite different. Complete flower inhibition was obtained even if the cotyledon containing 5-FU was cut off at the end of the dark period. Some 5-FU was, indeed, transported to the plumule even after 8 hours of darkness. The different rates of 5-FU translocation at night temperatures of 23 and 27 C were obtained in four different experiments.
Removal of the cotyledon treated with water as a control at the beginning of the long night did not result in a decreased flowering response. Apparently a single cotyledon is able to produce sufficient floral stimulus for a maximal flowering response.
The data of figure 7 concern the reversibility of 5-FU inhibition as a function of time of thymidine application. 5 -FU was applied via the cotyledon before the dark period and thymidine applied to the plumule at various times thereafter. The night temperature was 23 C so that 5-FU was not translocated during the first 16 hours (see fig 6) . Thymidine was most effective in overcoming flower inhibition when applied after 16 to 20 hours. From figures 4 and 6 it appears that this is the period during which the floral stimulus and 5-FU, respectively, are most rapidly translocated from the cotyledons. This suggests two alternative explanations. First, it might be that thymidine must be applied by the time the floral stimulus arrives at the apex, or, second, thymidine must be applied to the plumule before 5-FU can exert its inhibition. The second alternative seems to be the correct one. An experiment similar to that shown in figure 7 and carried out at a night temperature of 27 C showed irreversible inhibition after 16 hours (compare figure 6 for 5-FU translocation). Results of another experiment which also support this conclusion are shown in figure 8 . 5-FDU was applied directly to the plumule and thymidine earlier, simultaneously, or later. It is evident that thymidine overcomes the inhibition only if applied shortly before or at the same time as the inhibitor. Similar results were obtained with 5-FU applied directly to the plumule. From the fact that the inhibitions caused by 5-FU and by 5-FDU can be reversed by thymidine it has been concluded above that the inhibitors suppress DNA multiplication. The normal increase in DNA content of the plumule is, indeed, inhibited by 5-FU application (table III) . Inhibition of DNA multiplication should also be reflected in a decrease in the number of cell divisions in the tip. The frequency of mitotic figures in growing points treated with 5-FDU was, therefore, determined and compared with that in untreated tips. The results of such an experiment are given in table IV. 5-FDU in both concentrations applied resulted in almost complete suppression of cell division 24 hours later. 48 hours after application of 5-FDU tips treated with the lower concentration showed a remarkable recovery in number of cell divisions in the apex and in a part of the subapical region. However, hardly any cell divisions were found in the region from ca. 0.5 to 1 mm below the apex. The higher concentration of 5-FDU did not permit any recovery in the apex after 48 hours. These data coincide with observations made on other plants treated simultaneously with those used for fixation. 5-FDU in a concenitration of 2 x 10-6 M alnmost comiipletely inhibited flowering, although the plumules developed further normally. With a concentration of 5 X 10-6 M 5-FDU on the other hand, growth of the plumules was stopped completely and they were overgrown completely by the cotyledonary buds.
In a portion of the experiments the nunmber of prophases was counted in as far as these could be distinguishedl fromi interplhase nuclei. These counts indicated that even in tips whiclh exhibited no later stages of cell dlivision, a considerable number of prophases were always present althouigh less in number than in the controls. Apparently (lividing cells in Pharbitis tips treatedc witlh 5-FDU are arrested in prophase. Tencer (17) has reported that in amphibian embryos grown in the presence of 5-FDU, mitoses are also blocked at prophase. As 5-FDU inhibits DNA multiplication as well as cell division, the question arises whether both effects are necessary for inhibition of floral initiation. This was further investigated by applying two other inhibitors to Pharbitis plumules: A, aminopterin (4-amino pteroylglutamic acid) which, like 5-FDU, is known to block the synthesis of thymiiidylic acid and hence DNA synthesis (e.g. 16) and B, colchicine which permits DNA multiplicatiOnl, but blocks cell (livision (table V) Gibberellic acid, a known stimulator of cell division in the subapical region (13) has been found in the course of the present experiments to be fully ineffective as an antidote for 5-FU inhibition. This is as would be expected if thymidylic acid is the limiting factor. Gibberellic acid did result in considerable increase in length of the first internodes.
The bulk of the floral stimulus moves out of the cotyledons very quickly after the end of the dark period (fig 4) . The stimulus apparently can express itself in the initiation of flower primordia only if there is multiplying DNA in the apex or subapical region of the bud. Blocking of DNA multiplication by 5-FDU keeps the plant vegetative. One can, therefore, conclude that the genes for floral differentiation can only be activated while DNA is multiplying. The mechanism by which the floral stimulus starts developmental processes in the apex is apparently similar to the way in which ecdysone initiates metamorphosis in insects (2) .
The present studies also permit an estimate of the lifetime of the floral stimulus in Pharbitis tips under the prevailing experimental conditions. Although 48 hours after applying 5-FDU to the plumule. cell division has again started, no flower buds are initiated. The floral stimulus must therefore have become dissipated by this time. These data together with those of figure 4 
Summary
Four day old seedlings of the short-day plant, Phlarbitis nil Chois, strain Violet, can be induced to initiate six or seven flower buds by one 16-hour dark period at ca. 25 C.
5-Fluorouracil completely inhibits flowering when applied either to the cotyledon or to the plumule. A given amount of 5-fluorouracil is much more effective in inhibiting flowering when applied to the plumule than when applied to the cotyledons. Moreover, labeled 5-fluorouracil is rapidly translocated from cotyledons to plumule, but not in the reverse direction. 5-Fluorouracil, therefore, exerts its inhibiting effect on flowering only in the growing point. 5-Fluorodeoxyuridine applied to the plumule is about one thousand times more effective as an inhibitor of flowering than is 5-fluorouracil. Both substances are still fully effective as inhibitors of flowering when applied after the end of the inductive dark period.
The floral stimulus is rapidly translocated from Pharbitis cotyledons to the plumule during the first few hours after the inductive dark period.
Only thymidine, thymidylic acid, deoxyuridine, deoxycytidine, and 5-methyldeoxycytidine can completely overcoimie flower inhibition by 5-fluorouracil or 5-fluorodeoxyuridine if applied to the plumule before or simultaneously with the inhibitor. It is concluded that both 5-fluorouracil and 5-fluorodeoxyuridine inhibit flowering by causing a deficiency of thymidylic acid which results in suppression of DNA multiplication.
5-Fluorouracil inhibits growth of the plumules and simultaneously suppresses RNA and DNA synthesis. All these effects can be reversed by application of thymidine.
The translocation of 5-FU from cotyledon to plumule is strongly dependent upon the temperature during the inductive dark period. At 23 C no measurable amounts of 5-fluorouracil move out of the cotyledon, but at 27 C enough inhibitor is translocated during the long night to cause complete inhibition of flowering.
Microscopic examination of sectioned growing points shows that 5-fluorodeoxyuridine completely blocks cell division in the apex and subapical region for more than 24 hours but less than 48 hours after application to the plumule.
Applying aminopterin to the plumule results in almost complete inhibition of flowering, but applying colchicine has no effect on floral initiation.
It is concluded that the floral stimulus can express itself in the initiation of floral primordia only in an apex with multiplying DNA. Apparently the genes for flowering must be in the process of multiplication in order to become activated by the floral stimulus.
